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The potentiation of sunburn by longwave ultraviolet 
radiation (photoaugmentation) has been examined with 
regard to the influence of these waves on sunburn cell 
production in human skin. It was found that UV A did 
not enhance sunburn cell production. Photoaugmenta-
tion is limited to the erythemal component of the sun-
burn reaction. 
While investigating the possible photoprotective role of Im-
mediate Pigment Darkening (IPD), Willis, Kligman and Ep-
stein found that prior irradiation of human skin with near UV 
wavelengths (UV A, 320-400 nm) actually enhanced the UVB 
(290-320 nm) sunburn reaction [1]. They termed this phenom-
enon photoaugmentation. A later work established the thresh-
old doses of UV-A and UV-B required to evoke this response 
[2]. Photoaugmentation has recently been confirmed in humans 
and in albino rabbits by Spiegel et al [3]. 
In an earlier study, Van der Leun and Stoop [4] found an 
opposite effect to photoaugmentation. The erythema provoked 
by 250 nm and 300 nm wavelengths was actually reduced by 
subsequent illumination with "indoor" daylight, which they 
attributed to photorecovery. When the exposure sequence was 
reversed i.e. daylight followed by UV, no photorecovery was 
demonstrable, but rather an accentuation of erythema was 
observed. We [2] and others [3] found that potentiation oc-
curred regardless of the sequence of UV administration. 
It is conceivable, though as yet unproven, that UV A may also 
potentiate chronic actinic damage such as elastosis, aging, pre-
malignant and malignant changes, long considered to be due to 
UVB alone. Human skin is exposed to large doses of solar UV A 
all year round [5]. 
One of the characteristic histologic effects of UVB is the 
formation of so called sunburn cells in the epidermis. These are 
presumably damaged keratinocytes in the Malpighian layer [6-
8]. They can be readily identified in routine H & E sections by 
their pyknotic nucleus and eosinophilic cytoplasm and provide 
a quantifiable measure of acute epidermal UV damage. By 
contrast, UVA wavelengths produce little or no epidermal 
injury and do not induce sunburn cells [9]. If sunburn is indeed 
potentiated by UV A, then not only erythema but the produc-
tion of sunburn cells by UVB should also be measurably in-
creased. 
MATERIALS AND METHODS 
Subjeet.~ 
Twenty-six heallhy Caucasian college students between the ages of 
18 and 25 yr participated. The untanned midback was the test site. 
Each gave informed consent. 
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HPF: high power fields 
lPO: immediate pigment darkening 
MED: minimal erythema dose 
SB: sunburn cells 
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UV-sourees 
UVA was secured from a 150 w xenon arc solar simulator [10). The 
radiation was rLitered through a 2-mm Schott WG 345 rLiter (50% 
transmission at 345 nm) to eliminate wavelengths shorter than 320 nm, 
and through a 2 mm UG 5 colored mter to attenuate visible wavelengths 
and heat. Intensity measurements were made by a calibrated Eppley 
thermopile (Eppley laboratories) . The average UV A flux at skin level 
was 20.3 mw/ cm2• The intensity was measured and UVA dose calcu-
lated prior to each series of exposures. 
UVB was obtained from a bank of 5 closely set fluorescent Westing-
house FS-20 sunlamp tubes mounted in a reflector housing. The lamp-
to-skin distance was 12 cm. UVB irradiance at skin level was 0.61 mw/ 
cm'. The Minimal Erythema Dose (MED) was determined in each case 
by exposing 0.5 x 1.0 cm squares over the mid back to 10 second 
increments (6 mJ/ cml ) , starting with 20 seconds (12 mJ/ cm2 ) . The 
MED was the smallest dose producing minimal uniform redness with 
sharp borders 24 hr later. 
Experimental Design and UV-Exposures 
Three closely set 1.5 x 1.5 em squares of skin were outlined over the 
midback of each subject with white adhesive tape. One square received 
1 MED of UVB; a second square received 1 MED of UVB and UVA 
and the third UVA alone. The exposed siles were randomized. Two 
dosage levels of UVA (12 J / cm2 and 24 J / cm' ) and of UVB ('h and 1 
MED) were used. These dosages are required for induction of photoaug-
mentation as shown previously [2). In all instances, UVB was given 
first, followed immediately by UV A. 
Biopsies 
24 hr after exposure, superficial shave biopsies (about 3 X 3 mm) 
were secured from each site under local xylocaine anaesthesia. The 
coded specimens were fIXed in formalin, processed routinely, sectioned 
at 7 I-' and stained with hematoxylin-eosin. Sunburn cells were counted 
in microscope fields by one of us (G.G.) in a blind fashion . To avoid 
counting the same cells twice, every third section was examined. The 
eyepiece of the microscope (total magnification 425) contained a grid 
to ensure the inclusion of the same length of epidermis in each field. A 
total of 100 high power fields (HPF) were counted from each specimen, 
and the values expressed as the number of sunburn cells per 100 HPF's. 
Biopsies of normal back skin were also obtained from 5 subjects. 
RESULTS 
Sunburn Cells 
These were readily identified in histologic sections as round 
eosinophilic staining cells with dark pyknotic nuclei. Many 
showed peri cytoplasmic halos as a result of shrinking of the 
cytoplasm away from the cell wall. Most of the cells appeared 
in clusters throughout the superficial epidermis and were only 
rarely found singly. 
UV Exposures 
There was considerable variation in the number of sunburn 
cells among subjects (Table). The MED with UVB ranged from 
18.2 mJ/ cm2 to 36.5 mJ/ cm2• UVB produced a dose-related 
increase in the number of sunburn cells. With 'Il MED the mean 
number was 8.8 ± 2.6 cells/l00 HPF and with 1 MED 45.1 ± 
28.3 cells/ loo HPF. UVA produced very few sunburn cells at 
both dosage levels and there was no suggestion of a dose-related 
effect (Table) . The number of cells produced by combination 
exposure to UV A and UVB was not significantly different from 
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Effect of various doses of UV A and UVB on frequency of sunburn cells" 
UVB dose 0.5 MED 
UVA dose = 12 J/cm' UVA dose = 24 J/cm' 
Subject A B A+B Subject A B A+B 
I 3.0 7.0 7.7 7 0.0 7.1 8.8 
2 0.0 4.0 14.0 8 0.0 12.2 24.6 
3 2.6 7.3 14.7 9 0.0 6.7 4.8 
4 0.0 8.7 6.4 10 0.0 10.7 8.3 
5 6.7 10.8 5.7 11 4.8 11.0 8.5 
6 0.0 12.0 8.0 
X ±S.D. 2.1 ± 2.6 8.3 ± 2.9 9.4 ± 3.9 X±S.D. 1.0 ± 2.1 9.5 ± 2.5 11.0±7.8 
UVB dose - 1 MED 
UVA dose = 12 J/cm' UV A dose = 24 J/cm' 
Subject A B A+B Subject A B A+B 
12 3.1 31.0 66.7 20 3.7 29.0 38.4 
13 4.5 19.4 25.8 21 1.6 51.3 20.7 
14 3.0 50.3 36.0 22 3.2 68.1 30.0 
15 5.0 91.8 32.7 23 0.0 30.6 43.1 
16 1.0 17.0 13.4 24 0.0 57.9 30.7 
17 3.2 13.1 23.2 25 0.0 84.0 73.0 
18 0.0 92.8 71.4 26 4.8 11.0 8.5 
[9 0.0 30.5 17.2 
X±S.D. 2.5 ± 1.9 43.2 ± 32.3 35.8 ± 21.8 X±S.D. 1.9 ± 2.0 47.4 ± 25.3 34.9 ± 20.3 
" Results expressed as number of sunburn cells per 100 high power fields. 
UVB alone (p > 0.1). Very few sunburn cells were seen in 
normal unirradiated skin. 
DISCUSSION 
The events that lead to the formation of sunburn cells (SB) 
are not understood. Recently, Woodcock and Magnus investi-
gated these cells quantitatively in albino mouse skin [11]. They 
found that SB cell production was both dose-related and wave-
length dependent. Wavelengths between 260 nm and 290 nm 
were the most efficient and equally effective, with a sharp 
decrease in activity from 290 nm to 310 nm. They also observed 
time-course differences. With UVB, the cells appeared in max-
imal numbers 24 hr after irradiation, whereas with shorter 
wavelengths (UVC) the peak occurred earlier viz 8-10 hr. Our 
findings indicate that UV A is all but ineffective in producing 
SB cells. It is apparent, therefore, that SB cell production and 
erythemogenic efficiency parallel each other, but there is noth-
ing to suggest a causal relationship between the two. Further-
more, it should be stressed that while these cells are highly 
characteristic of sunburn, they occur elsewhere. They have 
been observed in phototoxlc reactions to 8-methoxypsoralen, 
where again their production was found to be dose-related 
[11). Hence, they probably represent a nonspecific type of 
injury to different photochemical processes. 
We found that UVA wavelengths do not augment the pro-
duction of sunburn cells by UVB, at least within the limits of 
the exposures employed. Using the same UV sources and similar 
exposures, we were previously able to demonstrate photoaug-
mentation in the majority of subjects [2]. It is clear therefore, 
that potentiation of sunburn by UVA is restricted to the ery-
themal component of this reaction. Analogous observations 
have been made with certain pharmacologic agents which are 
capable of suppressing or moderating sunburn. Both indometh-
acin and certain glucocorticosteroids can reduce sunburn ery-
thema but have no influence on sunburn cell formation 
[12,13]. These observations strengthen the belief that injurious 
effects of ultraviolet radiation on different target tissues are 
mediated by different mechanisms. 
We were impressed by the tendency of SB cells to appear in 
clusters. Thus, often some sections would contain an abundant 
number of cells while others from the same specimen would 
show very few or none. This undoubtedly contributes to the 
wide variation observed in the cell counts. It is tempting to 
speculate that a subpopulation of keratinocytes are more sus-
ceptible to UV injury. Johnson, Mandell, and Daniels suggested 
that melanin in epidermal cells may act as an energy trap, 
thereby contributing to UV-induced cell damage [14]. They 
found that sunburn cells contained the largest amount of iden-
tifiable pigment granules. In vitiliginous skin which is devoid of 
melanin, they observed very few SB cells. Furthermore, they 
were able to demonstrate significant reduction in the survival 
of peritoneal macrophages when these were irradiated in vitro 
with UVB in the presence of melanin. Hence, if melanin is 
indeed a factor in SB cell formation, then the clustering ob-
served may be explained by the unequal distribution of this 
pigment in keratinocytes. However, we have recently seen an 
abundant number of SB cells in the epidermis of a subject with 
complete albinism following a single exposure to 2 MED's 
(unpublished observation). These cells can evidently be pro-
duced in the skin of albino animals. Hence, we believe that the 
role of melanin in SB cell formation requires further scrutiny. 
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